
Background and Introduction
Extended-spectrum β-lactamases (ESBLs) have emerged as one of the most consequential antimicrobial resistance mechanisms of the 21st century. Among Class A β-lactamases  which include TEM, SHV, CTX-M, VEB, and GES families CTX-M has risen to global dominance, with over 450 variants documented in the Beta-Lactamase Database (BLDB). The CTX-M designation reflects both its substrate profile (cefotaxime hydrolysis) and its geographic origin (Munich), where the first isolate was recovered from the ear of a 4-month-old child with otitis media. Over the last two decades, blaCTX-M-15 and blaCTX-M-14 have displaced other genotypes and become the predominant CTX-M alleles worldwide.
 Historical Aspect First Discovery
The founding clinical event of CTX-M history centers on a cefotaxime-resistant Escherichia coli isolate recovered in Germany in 1989. This isolate was phenotypically distinct from TEM- and SHV-type ESBL producers, displaying a markedly enhanced capacity to hydrolyze cefotaxime over ceftazidime a substrate preference that would define the entire CTX-M family. Concurrent, independent emergence was simultaneously noted in France and South America, pointing to a geographically distributed yet biochemically convergent resistance evolution.
Epidemiological Timeline
Based on the epidemiological record, three distinct phases of CTX-M emergence can be defined:
	Phase
	Period
	Key Events

	Phase 1
	Mid-1990s
	Sporadic emergence in distant geographic areas (Europe, South America, Japan).

	Phase 2
	1994-2000
	Rise of CTX-M-3, CTX-M-9, CTX-M-14, and CTX-M-15 as dominant variants .

	Phase 3
	2000-present
	Universal dissemination; now the most widespread ESBL globally.


The hot spots for early emergence Central Europe, South America, and Japan likely reflect selective pressure from high antibiotic consumption rather than random geographic chance. ESBL prevalence has risen significantly across all WHO regions, with a statistically significant upward trend in developing countries (R² = 0.814).
Molecular Origin and Gene Mobilization
A defining feature of CTX-M biology is its non-hospital, environmental origin. The bla~CTX-M~ genes are chromosomally encoded in Kluyvera spp. environmental soil bacteria and were mobilized into clinical pathogens through insertion sequences. The insertion element ISEcp1 (ISEcp1B) plays the primary role: it mobilizes the downstream bla~CTX-M~ gene via a one-ended transposition mechanism while simultaneously providing strong upstream promoter sequences that drive high-level expression. A secondary element, ISCR1 (formerly orf513/CR1), further facilitates gene capture within complex class 1 integrons and transposons.

Crucially, this mobilization event has not occurred once but at least nine times independently in silico, generating the different CTX-M clusters:
CTX-M-1 cluster: mobilized 3 times from Kluyvera
CTX-M-2 cluster: 2 times (Kluyvera ascorbata)
CTX-M-9 cluster: 2 times
CTX-M-8 and CTX-M-25 clusters: 1 time each
Furthermore, subinhibitory concentrations of β-lactam antibiotics such as ceftazidime can induce ISEcp1B-mediated transposition at frequencies up to 100-fold higher than baseline, suggesting that clinical antibiotic use directly drives gene mobilization events.
Classification and Structural Diversity
CTX-M enzymes are classified into six major subfamilies based on amino acid sequence identity:
	CTX-M Subfamily
	No. of Variants

	CTX-M-1-like
	133

	CTX-M-9-like
	82

	CTX-M-2-like
	35

	CTX-M-25-like
	14

	CTX-M-8-like
	4

	CTX-M-151-like
	1


Unlike TEM and SHV ESBLs, which evolved from narrow-spectrum precursors through point mutations, CTX-M constitutes a complex, non-homogeneous enzyme family with distinct ancestral lineages. The structural analysis of CTX-M variants (e.g., modelled structures of CTX-M-12 and CTX-M-15 presented in the case report) reflects the subtle but functionally significant variations that define substrate range and inhibitor susceptibility across subfamilies. 

